Engineering
Software Analytics Studies

Diomidis Spinellis

Department of Management Science and Technology
Athens University of Economics and Business
http://www.spinellis.gr/

@CoolSWENg

18/9/2014 1










curiosity




serendipity




Outline

* Data gathering

* Processing
— Methods
— Advice

* Performance

Data gathering



FEATURES PRIONG DOCS B8LOG LOGIN

Defining Mobile App Quality

Use BigData analysis to support Android, i0S, HTMLS, WP and Windows 8 apps

SIGNUF FOR FREE




e e el
| o
o o'n .., 85800180 88 00 88
ee0 - m se e, om . mrecececece.m
o000 N ‘.. e
o>m > o . erecece.n
<
e 8l o G Eecee’y el erm
ses e n s .
P L) - %
e :
. L
: PR
-
SO
.. ,Q...V.o..ovo.._rvi
*E sece 0o ecmE
.oy
. -

T e ee eee

s

e e e e ese-e B

: .
.
. ,',0.0.6010.0 . e o n
_ e e e o m en
s L LA 0.-0.* .
\ . -m r
i
* =
* o
L
* e
e
e em
ee 0 0 000
-n
e .. . .
e e e g .g W
-

1 3rd party

HJava

B Android

140000

120000 -

100000 -

80000 -

60000 -

40000 -

20000 -

u

SEC FORM MR CON

IND

ME  SYNC



Google 400404 nitp get ‘Mozilal$,0 Windows NT 6.3; WOW84) AppieWe

Ehopgey m.ql Wideos I Muite -k-.u & farg

162.144.60.252 - - [14/ 014:00.00:26 + "GET /w

greptweet comigreptweet access log ~

whcoy php HTTIVE 1 464 570 - "MustaS O (Windows NT 02, Wind, 24)  [MSap
TFOTA 20 05 U +0000) GET grepteant access ag NTTPTT I 300 J6d Pl

TP Nemefoecn S08mg-tauy «heop 500D K "MooiaT 0 (W ndows

access_140818.log - Jason Thomas Mayfield

yhiakd comiog _140818.0og =

TP 00 232 "Ml Vincy it 408mg-ontae-crine soup o “MotIMIS 0 [10Ag
POT4 21 4B 98 U700| "GET Sogwaccans_1807 11 log ITTPIY 1 404

access_140822.log - Jason Thomas Mayfield
|sonthomasmayteid comiiogs/access_ 140622 g ~

HYTPYT 1° 404 23 “° “WodiieS O (Macintoes driel Maz CS X 10 0 &) (2
A2V Z2ET 21 07001 “OCY Noga'scoesa 14071 F iog HTTIV 1" 404 28 B30N
B buytegretoMIRmpWRtoutscnpt soup 0 ToTilat 0 (Winoows NTH ¢

access_140819.log - Jason Thomas Mayfield
|asonthomasmay?ieid comfogs/access_140810 log =

“OET S Ciarrmatum_Vitee Wetivtn oz HTTIVY 17404 80 “° “MenllaS 0 . HTTPN I
200 4291 Wity \vwy-bactren 480mg chasp ssup o Mosdlas 0

The jaurral wf Syweme ard Sofiware £511012) S60-480

FI SEVIFR

Journat h

C liss ut ScluncsDiract

The Journal of Systems and Software

page: www.alsevier.cam/locate/|ss

Organizational adoption of open source software

Diomidis Spinellis**, Vaggelis Giannikas®

e Scheoe and Teck

Alkens etrer ity of Foasoenicn soad Pabant, Petibe Y GR- 100 JEAMMA, (2oncr

¥ Imsnure for Meoutacrrmig Univer sty of Camividpe, 17 Clardes Babbagy Aot Cambridge C83 065, Laxed Kingdons

ARTICLE INFO

AESTRACT

Armicle baory:

Received 6 February 2003
Recemed in revived foers 19 Auguat 2011
Accopeed 1% Sepaemrter 2011

Available cethne 22 Seprenber 2011

Keywords:

Open waroe seftware
Technohogy adoptien
Indusirial poctce

Ovganrations and indvideals can uw open source soltwaes (OSS) for frew, Dy can vuddy its isternal
workings, and they can even fix it or moddy it 1o make it st their pacticular nends. These annrdutes
make 055 an enticing techeological choice fora by, because most enterprises view
technology as 3 proprietary differentiatiog element of their operation. batle is known aboat the extent
of 0SS adopeice in induitry Jod the kiy drivers behind adoption decisions. 1o this acticle we oxamise
Lactoes and behaviors associated with the adoption of 085 and provide coginical findegs through dits
gachered from the US Fortune-1000 companees. The data come from each company’s web browseg
and serving actwities, pathored 2y sifting through meee than 27% millon web server log recoeds and
analyzing the results of thoasands of necwork probes. We show that the adopticn of 0SS in lirge US
mwu is significant and & increasing oves time theoegh a low.churn trassiton, advancing from

o phath I3 adop nap decinion influensed by network effects. It i likelier
" lavgn orpanizatens and thoss with nuny Sens prodective employees, snd is aastclated with [T and
wonk and efSciencies.

© 2001 Elsevier nc. AD rights reserved.

1. Introduction

allow the Ccreation of derived waorks provided they respect the (re-
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The Open Source Perspective
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_MCOUNT_DECL (frompc, selfpc) /* _mcount; may be static, inline, etc */
g u_long frompc, selfpc;

struct gmonparam “p;
void *stack = &frompc;

= &_gmonparam;

* check that we are profiling
’f and that we aren't recursively invoked.
if (p->state != GMON_PROF_ON)
return;
p->state = GMON_PROF_BUSY;
*

* check that frompcindex is a reasonable pc value.

¢ for example: signal catchers get called from the stack,
: not from text space. too bad.

/
frompc -= p->lowpc;
if (frompc <= p->textsize)

write(fd, &stack, sizeof(stack));

p->state = GMON_PROF_ON;
return;
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4266 utimensat (AT_FDCWD,

"boost_1 44 0/libs/bind/test/bind stdcall mf test.cpp", {{1336157319,
67677176}, {1090801932, 0}}, O

4266 chown("boost 1 44 0/libs/bind/test/bind stdcall mf test.cpp",

4266 chmod("boost 1 44 0/libs/bind/test/bind stdcall mf test.cpp",
=0

4266 open("boost_1 44 0/libs/bind/test/bind stdcall test.cpp",
O_WRONLY |O_CREAT|O_EXCL, 0600) = 4

4266 write(4, ""..., 2789) = 2789

4266 close(4) =0

4266 utimensat (AT_FDCWD,

"boost_1 44 0/libs/bind/test/bind stdcall test.cpp", {{1336157319,
67677176}, {1090801932, 0}}, O

4266 chown("boost 1 44 0/libs/bind/test/bind stdcall test.cpp", 0, 0)
0

4266 chmod("boost 1 44 0/libs/bind/test/bind stdcall test.cpp", 0644)
0

4266 open("boost 1 44 0/libs/bind/test/bind test.cpp",

O_WRONLY |O_CREAT|O_EXCL, 0600) = 4

4266 read(3, <unfinished ...>
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GHTorrent: Github’s Data from a Firehose

Georghos Gotstos and Diomices Spinellis
Department of Management Science and Techmology
Ahery Umiversiey of Economricy amd Busingess
Athens, Greece
[ momiviosg, oy ) @ auehs gr

Abstvact—A common requirement of many emphrical woft.
ware engineering stdbes b the sequisition and curation of dats
from software repositorfes. During the Lot few years, GitHub
hus emerged a5 o0 popaler project hesting, mbrvartng and
collaboration platform, GitHub provides an extensive ResT Ari,
which emabies researchors to retrieve both the commits o the
projects” repositories und events generated through sser actions
on project resourors, GHTorrens alines (o oreate o sealable ofT
liee mirror of GitHub's evont streams amid persistent data, and
offer It 10 the research commmumty as o service, In this paper,

abso factlitites project contributions from non-team member
through features such as forking, which creates a privil
copy of 0 i repository, and pall requests, which orzaniz
w series of commuts 0 a forked repository into i mengeabi
patch for the source reposstory. Moseover, GitHub offen
the usual gamut of software forge facilitics. such as |
bag trackes, o wiki. ond developer communication tools
Whit makes GitHub particularly attractive for the repositon

ming community, 15 that o provides access (o s imtema

we present the project’s desizo and indtial lmpk fom and
demonstrate how the provided datasets can be queried and

Aeywonrds-i positors: GItHub; commits; vvents

L INTRODUCTION AND MOTIVATION

When conducting ompirical research with data from soft-
wire repositories, a typical step involves the downboading
of the progect data to be analysed Obtamming data from
open sosrce software (OSS) project reposiones is a todions
exervise lacking scientific value, whike the obtained datasets
are olten pon-homosencous which makes further amalvsis

datu stores through an extensive REST [2] Ar' whicl
researchers can ise 10 access @ nch collection of unitiec
and versaoned process amd produect dita

Although GitHub™s AP1 is well designed and documensed

researchers weshing 10 use st w order (o analy ze its data wil
fuce a number of challenges:

o GitHub's data s huge (on the ferabyte scale, acconding
o oar estimation) and an AP rale Lt of five thotusan
requests per hour makes the complete download of iy
data impossible,

o The overall schema of GitHub's data is mot docu

had A . “HRS 1

- FEER W Y S
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$ git log --reverse --date-order

commit 94a21182365ebb258eeee2aadlc5fbcb1f7fd566
Author: Ken Thompson and Dennis Ritchie <research!{ken,dmr}>
Date: Tue Jun 20 04:00:00 1972 -0500

Research V1 development

Work on file uS.s
commit b7b2640b9e27415d453a8fbe975a87902201849d

Author: Ken Thompson <research!ken>
Date: Tue Nov 26 18:13:21 1974 -0500
Research V5 development

Work on file usr/sys/ken/slp.c
commit 3d19667a65d35a411d911282ed8b87e32a56a349

Author: Dennis Ritchie <research!dmr>
Date: Mon Dec 2 18:18:02 1974 -0500
Research V5 development

Work on file usr/sys/dmr/kl.c

[.]

commit 171931a3f6f28ce4d196c20fdec6ad4413a843f89

Author: Brian W. Kernighan <research!bwk>

Date: Tue May 13 19:43:47 1975 -0500
Research V6 development

Work on file rat/r.g
[.
commit ac4bl3bca433a44a97689af10247970118834696
Author: S. R. Bourne <research!srb>
Date: Fri Jan 12 02:17:45 1979 -0500
Research V7 development

Work on file usr/src/cmd/sh/blok.c

Author: Eric Schmidt <schmidt@ucbvax.Berkeley.EDU>
Date Sat Jan 5 22:49:18 1980 -0800
BSD 3 development

Work on file usr/src/cmd/net/sub.c

$ git blame -C -C usr/sys/sys/pipe.c

3cc1108b usr/sys/ken/pipe. (Ken Thompson 1974-11-26 -0500 53) rf->f_flag = FREAD|FPIPE;
3cc1108b usr/sys/ken/pipe. (Ken Thompson 1974-11-26 -0500 54) rf->f_inode = ip;
3cc1108b usr/sys/ken/pipe. (Ken Thompson 1974-11-26 -0500 55) ip->i_count = 2;

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -0500 122) register struct inode *ip;
1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -0500 123)

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -0500 124) ip = fp->f_inode;

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -0500 125) ¢ = u.u_count;

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 15:19: -0500 126)

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -0500 127) loop:

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -0500 128)

1f183be2 usr/sys/sys/pipe. (Ken Thompson 1979-01-10 -8500 129) /*

9a9f6b22 usr/src/sys/sys/pipe.c (Bill Joy 1980-01-05 -0800 130) * If error or all done, return.
9a9f6b22 usr/src/sys/sys/pipe.c (Bill Joy 1980-01-05 -0800 131) */

9a9f6b22 usr/src/sys/sys/pipe.c (Bill Joy 1980-01-05 05 -0800 132)

9a9f6b22 usr/src/sys/sys/pipe.c (Bill Joy 1980-01-05 05 -0800 133) if (u.u_error)

9a9f6b22 usr/src/sys/sys/pipe.c (Bill Joy 1980-01-05 ©5:51:18 -0800 134) return;
6d632e85 usr/sys/ken/pipe. (Ken Thompson 1975-07-17 10 -0500 135) plock(ip);

6d632e85 usr/sys/ken/pipe. (Ken Thompson 1975-07-17 10 -0500 136) if(c == @) {

6d632e85 usr/sys/ken/pipe. (Ken Thompson 1975-07-17 10 -0500 137) prele(ip);
6d632e85 usr/sys/ken/pipe. (Ken Thompson 1975-07-17 10 -0500 138) u.u_count = 0;
6d632e85 usr/sys/ken/pipe. (Ken Thompson 1975-87-17 10:33:37 -0500 139) return;
6d632e85 usr/sys/ken/pipe. (Ken Thompson 1975-07-17 10:33:37 -0500 140)
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Count word occurrences

e 20GB in 36,260 files
* Hadoop: 12:25:20
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Count word occurrences

e 20GB in 36,260 files
* Hadoop: 12:25:20
e sgsh: 00:34:38
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find Gutenberg -type £
xargs cat |
tr -s ' \t\n\r\f' \\n

sort -S 6G |
uniq -c

Count word occurrences

20GB in 36,260 files

Hadoop: 12:25:20
e sgsh: 00:34:38
Unix pipeline: 00:21:37
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$ # Print author names
git log --format='%an' |

# Order them by author
sort |

# Count number of commits for each author
uniq --count |

# Order them by number of commits
sort --numeric-sort --reverse |

# Print top ten
head -10

Linus Torvalds
David S. Miller
Andrew Morton

Greg Kroah-Hartman
Mark Brown

Russell King
Takashi Iwai

Al Viro

Ingo Molnar

Tejun Heo

29
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Division of Effort, Productivity, Quality, and
Relationships in FLOSS Virtual Teams:
Evidence from the FreeBSD Project

George ML Ginglii
o oM and Techpol
Athens Univesssy of Ecemeonics a4 Busioess, Greece
wglisitauch gr)
Diomidis Spinchis

(Department of Managemens Sciesce and Technology
Atbens Univessity of Ecomoanics and Hesmess, CGireece
ddsiirauch gr)

Abstract: Rmun'h m vl teams ned dmnhmd work argues that the lack of collocation
places am overbeod on the perf C p | of large. ghobally dastributed teams. In this
paper. we revisit this teset thmcg: 2 cme study of Free Libve Open Seurce Mﬂvm: (FLOSS)
developuent o demeasemite horw globally di d FLOSS
the prodkm of peogrsple sepacstion of M members, Our resals show dua sucvesstul
FLOSS teamns demanstrate o truly ghobal distiibution of bers, whv perk ! wpes
of wark so as o achiove consestent romnd-the<lock ukwmnl. wnhuul awy awmtnl [
elfects on «nn :m\iwlnm and !he quahity of the resalting s

team s pecially at more complex work sems. and does not soem 10 be
affected by di oaly i % i qpelnmecuuobcmwtn m!uvme
between individuals biving closer lngmha These findusgs chall the cont

0f reseanch @ diseobened woek, in ciwes where vimul s cumuu of Iugu\ skilled and
motivated imdavidusds. who leveraps the power aof gies 10

probloms associsted with phsscal distanoe

Keywords: FLOSS. opem source developmem, vamwal seams, distributed work. FreeBSD
Categordes: D29 K43 K6 | Kad
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S diff filel file2
grep '*[<>]7 |
wc -1
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$ comm Linux FreeBSD

arch
ash
bash

chgrp

dir
dmesg
dnsdomainname

[

domainname

expr

getfacl







digraph D ({

"archivers/arj" -> "devel/gmake"
"archivers/arj" -> "devel/autoconf259"
"archivers/dact" -> "devel/gmake"
"archivers/dact" -> "security/libmcrypt"
"archivers/dact" -> "archivers/lzo"

"archivers/deepforest"
"archivers/deepforest"
"archivers/deepforest"
"archivers/fastjar" ->
"archivers/fastjar" ->

-> "x1l-toolkits/tkstep80"
-> "graphics/libimg"

-> "x11/xorg-libraries"
"devel/gmake"
"lang/perl5.8"

"archivers/gtar" -> "converters/libiconv"
"archivers/gtar" -> "devel/gettext"

BEG G {

Stvtype = TV_fwd;
Stvroot = node($, ARGV[O0]) ;

}
N [$tvroot = NULL;
END G {
induce ($T) ;
write (ST) ;
exit (0) ;

1]
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Open Source Licensing across Package
Dependencies

Mana Kechagin, Diomidis Spinellis and Siephanos Amdrowtsellis-Theotokis
Department of Munagement Scieace and Technology
Atlens University of Ecosomics and Business
Athens, Greece GR-104 34
Emnil: mkebagia@dmstauelge, {dds, stheotok ) @ aueb.gr

Abstraci—1iconsing dependencies smong open suurce soflwarny
less) packages reveal a lot abeat soft patihifity relats
ships and the pructicalities of oss leensing, There ks bowever,
limited Information on thewe in the lterature. In this puper,
we discuss various aspects of oss licensing, and we present an
empirical study on FreeBBSD ports colbections concernimg (heir
i ing dependencies, in an Pt b identily specific patterms.
Our results highlight differeat types of dependencies, that conld
be used to explain, or even guide the leense selection process of
sy projects.

Keywonds-uss; T dependencies; FreelSD ports

I, INTRODUCTION

Open source software (055), can be freely used, modified,
und dissributed, provided cenain pestrictions are wbserved
regarding sy copynght and the protecion of s slatus as 0SS
These nghts and restnctions ae expressed through the soft-
ware's license, i.e. @ cootract between the software ownern(s)
(the liceosoes) and its prospective users (the lsoensees). 0SS

(o> S

develipS-Locale-gettaxt @

1) Are some license types paricalarty condocthive ) regse”!
2) Do the licenses across dependencies follow an order
wsochted wilh (he permissivencss ol cach boense”
Resalts conld explain or even guide the selection of a particulur
045 livense.

1L CONCEPTS AND DEFINITIONS

Before discussing the different types of 05§ licenses, we
bricfly isroduce the bdackgrousd concepts dehincating the
degrees of freedom availuble while distibuting the product
ol any intellectunl activity, inchuding sofiware,

A Tarelleeneal property. copyrights and paents

The term intelloctual property &s used 10 encompass o wile
range of arcas of Jaw, including copyonghas, patents und even
trademarks [2]. These are ull meuns usedd 10 encouruge poivile
snvestment in research, technology asd impovation, by ensuring
that innovators will be ahle o get pavase retwms for their wivk.

develigettext

devellbloolt s
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github.com/dspinellis/unix-history-repo

* Research Edition Unix: V1, V3-V7  (@)8el Laboratories
* Unix 32V

« BSD1,2,3,4,41,42,43% 4.4%

* 386BSD 0.0, 0.1 F B3O

* FreeBSD 1.0-10.0 ‘d FreeBSD

* Tags
* Contributors
* Branches and merges
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find /usr/ports/ -name Makefile
-maxdepth 3 |

sed 's,/Makefile,,' |

while read dir

do

cd $dir

make -V PORTNAME\
-V RUN DEPENDS -V BUILD_DEPENDS\
-V LIB DEPENDS -V FETCH_DEPENDS\
-V DEPENDS
done
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Analyze Binaries

nm, readelf
ar,ldd
dumpbin

javap
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S cd /usr/bin

$ 1dd * 2>/dev/null |
awk '/=>/{print $3}'
sort |

uniq -c |

sort -rn |

head

/1lib/libc.so.6
/lib/1ld-1linux.so.2
/1lib/1libdl.so.2

92 /lib/libm.so.6

62 /lib/libncurses.so.5

59 /1ib/libnsl.so.1

50 /1lib/libcrypt.so.1l

34 /usr/lib/libstdc++-

libc6.2-2.s0.3
34 /1lib/libpam.so.0
28 /usr/lib/libz.so.1
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top/htop
logger

PV

monitor
(www.spinellis.gr/blog/20081027/)
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parallel

a0

40

L
=

Bad
=

Number of projects

10

o
-0.8

—0.6

B Halstead
1 Cyclomatic

—0.4 —0.2 0.0 0.2
Spearman's rho with infraction density

0.4 0.6

0.8
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find . -name \*.c -type f -print0 |

xargs -0 -n 1 \
analyze-file.sh

find . -name \*.c -type f -print0 |

parallel --keep-order -d '\0'
analyze-file.sh

-n 1 —gnu \




contributed articles

DOEIONIAS/ BITRTOANITRTRO

Why Wikipedia's remarkable growth
is sustainable.

BY DIOMIDIS SPINELLIS AND PANAGIOTIS LOURIDAS

The
Collaborative
Organization
of Knowledge

snapshot of all recarded changes and
examined how entries are created and
linked. Inspecting the thmestamps on
Individual entry definitions and refer
ences, we found that links 10 nonexis
tent articles often precede creation of
ew artiches. Also, tmcking the evolu
von of article links allowed us w em
pirically validate Bambisi's hypothesis
on the formation of scale-free graphs
through incremental growth and pref
crentinl  ateschment.' Our fAndings
paint o picture of sustainable growth,
suggesting that Wikipedia's develop-
ment process delivers coverage of more
and more subjects.

The phenomenal growth of Wikipe
dia is attributable to a mixture of tech
nalogies and a process of open par-
ticipation. The key technology behind
Wikipedia is that of a Wiki—online
lightweight Web-based collabomtion.!
Wikipedia content appears online as
static HIML pages, though each such
page inchudes an edit button anyone
can use to modify its content; editing

miset articlee seoriree nn nrior ssitha
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Difference (in months) between an entry's
first reference and the entry's definition

class RangeMap ({

private:
vector<bool> active;

public:
static const int NMONTH = (2009 - 2001) * 12;
RangeMap () : active (NMONTH, false) {}

};

class EntryDetails {
private:

RangeMap defined, stub;

vector <int> nrefs;

string definer, referrer, firstRef;

time_t firstDef;

int numReferences, numContributors;

int numRevisions, numReverts;
public:

EntryDetails() : defined(), stub(),
nrefs (RangeMap: :NMONTH, 0), firstDef(-1),
numReferences (0) , numContributors(0), numRevisions (0),
numReverts (0) {}

};



class RangeMap {
private BitSet active;
public static final int NMONTH = (2009 - 2001) * 12;
public RangeMap () {
active = new BitSet (NMONTH) ;
}

class EntryDetails {
RangeMap defined, stub;
ArraylList <Integer> nrefs;
String definer, referrer, firstRef;
Date firstDef;
int numReferences, numContributors;
int numRevisions, numReverts;
public EntryDetails() {
defined = new RangeMap() ;
stub = new RangeMap() ;
nrefs = new ArrayList<Integer>(RangeMap.NMONTH) ;

12,287

7,212

C++ Java
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